The aim of this study is to report the 6-month results after one intravitreal ranibizumab (IVR) injection followed by pro re nata dosing for macular edema (ME) after branch retinal vein occlusion.
Introduction
The main cause of visual loss in patients with branch retinal vein occlusion (BRVO) is macular edema (ME). 1, 2 The availability of anti-vascular endothelial growth factor (VEGF) therapy has revolutionized the treatment of ME in patients with retinal diseases. [3] [4] [5] Currently, anti-VEGF therapy is the first-line therapy for ME in patients with BRVO. However, the time of the administration of the initial therapy after the disease onset, the inclusion criteria such as the best-corrected visual acuity (BCVA) and central retinal thickness (CRT), and the treatment regimen have not been established fully.
Regarding the time of the initial therapy, previous reports 6, 7 have shown that early treatment with the anti-VEGF drug bevacizumab (Avastin although no improvement in the visual outcomes was seen.
Regarding the treatment regimen, the BRAnch Retinal Vein Occlusion (BRAVO) trial, 5 the first prospective, randomized, multicenter study, used monthly IVR through month 6. Although the BRAVO trial reported substantial visual outcomes, such frequent injections might be excessive. The BRIGHTER study 9 reported the efficacy of IVR injections that were administered according to the three plus pro re nata (PRN) regimen. Moreover, Miwa et al 10 reported that the efficacy of IVR injections administered according to the one plus PRN regimen was comparable to that of the three plus PRN regimen in visual functional outcomes and the effectiveness for minimizing the number of injections. Moreover, the retreatment criteria have not been well established. For example, Snellen equivalent BCVA of 20/40 or better or 250 microns or more of mean central subfield thickness on time-domain optical coherence tomography (OCT) in the BRAVO and just loss of visual acuity (VA) in the BRIGHTER were used as the criteria for retreatment.
In the current study, relatively early administration of IVR, followed by the one plus PRN regimen with strict retreatment criteria, was examined prospectively to evaluate the efficacy and safety in patients with BRVO. The primary efficacy outcome measure was the mean change in the BCVA from baseline at month 6 after the initial injection, and the secondary outcomes included other parameters of the visual outcomes, the mean change in the CRT from baseline, residual ME, and microaneurysm formation.
Patients and methods Patients
This was a prospective, interventional study conducted at Nagoya City University Hospital from March 2014 to October 2016 to evaluate the efficacy and safety of IVR injections for ME in patients with BRVO who completed 6 months of follow-up (total 24 months). The institutional review board of the Nagoya City University Graduate School of Medical Sciences approved the study protocol (no. 00000891-3). The clinical trial was registered in ClinicalTrials.gov (ID: NCT02478515). All patients provided written informed consent for participation in the study. The research methods and analyses adhered to the tenets of the Declaration of Helsinki.
Methods and study criteria
All patients underwent a complete ophthalmic examination including measurement of the BCVA using the Early Treatment Diabetic Retinopathy Study (ETDRS) chart, intraocular pressure, and CRT using an OCT (Cirrus HD-OCT; Carl Zeiss Meditec, Oberkochen, Germany) retinal color map, indirect ophthalmoscopy, fundus photography, and fluorescein angiography (FA) using the Optos200Tx imaging system (Optos plc, Dunfermline, UK). The patients provided a medical history that included the concomitant medications and measurement of the vital signs. Two masked retinal specialists diagnosed BRVO based on fundus examinations and FA images and determined the eligibility for study participation. Eyes with hemi-central retinal vein occlusion (RVO) or central RVO were excluded. Patients who had ME after BRVO and met the following criteria were enrolled: patient age of 18 years or older, 20 letters or more of BCVA in ETDRS letter score (77 letters or less), and 250 microns or more of CRT on OCT. The exclusion criteria were a history of previous anti-VEGF treatment and/or vitrectomy, intraocular corticosteroid use within 3 months before participation in the current study, application of panretinal laser photocoagulation or scatter laser photocoagulation to treat the areas of nonperfusion, application of laser photocoagulation for ME within 3 months before participation in the current study, evidence of any other retinal diseases, and cataracts causing visual loss or poor image quality.
Treatment regimen and assessments
The eligible patients received an IVR injection followed by monthly visits through month 6. At each visit, patients underwent a complete ophthalmic examination that was the same as the screening examination except for FA, which was performed at baseline and month 6. Additional IVR injections were administered according to a PRN dosing regimen. The retreatment criteria included visual loss of five or more ETDRS letters compared with the previous visit, 250 microns or more of CRT on OCT images, or evidence on an OCT color map of residual or recurrent ME including parafoveal lesions. Two retina specialists determined the BRVO subtype in each eye, that is, major and macular or ischemic and nonischemic based on the baseline FA images, and microaneurysm formation based on the FA images at month 6. Any new symptoms or signs, illness, or worsening of preexisting diseases were considered adverse events.
Outcome measures
The primary efficacy outcome measure was the mean change in the BCVA from baseline at month 6 
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six-month results of ranibizumab for BrVO in a prospective study equivalent) or better, and the mean change in the CRT from baseline. Residual ME was defined as 250 microns or more of CRT on OCT images, or 350 microns or more of retinal thickness on an OCT color map including parafoveal lesions. The presence or absence of microaneurysms was determined by two masked retinal specialists based on FA images at month 6. The percentages of patients with residual ME or microaneurysm formation at month 6 were also evaluated. Moreover, the prognostic factors for BCVA (ETDRS score), residual ME, and microaneurysm formation at month 6, were examined.
statistical analysis
Analysis of variance with the Bonferroni correction was used to estimate the continuous outcome measures: baseline and posttreatment ETDRS letters, changes in the ETDRS letters from baseline, baseline and posttreatment CRTs, and the change in the CRT from baseline. Pearson's correlation coefficient was used to analyze the bivariate relationships between factors and BCVA (ETDRS letters) at month 6. Logistic regression analysis was used to detect prognostic factors associated with residual ME and microaneurysm formation at month 6; then, multivariate analyses were performed if the multiple factors were identified. A P-value ,0.05 was considered statistically significant.
Results

Baseline characteristics
Twenty eyes of 20 patients (six men, 14 women; mean age, 67.7±10.1 years; range, 42-82) were enrolled. The patient baseline characteristics are shown in Table 1 . The mean baseline ETDRS letter score was 63.1±13.1 (range, 32-82). The mean baseline CRT was 500±105 microns (range, 336-699). The mean time from symptoms of visual loss to the initial injection was 1.80±1.1 months (range, 0.5-4.5). All patients completed the study through month 6.
Functional and anatomic outcomes at month 6
The BCVA improved significantly after the IVR injection at month 1 ( Figure 1A) ; thereafter, the improvement continued through month 6, at which time, the ETDRS letters score was 78.3±7.1 and the gain from baseline was 15.2±10.3 letters ( Figure 1B ).
At month 6, 50% of patients had gained a mean of 15 ETDRS letters or more compared with the baseline BCVA letter score ( Table 2 ). The percentages of patients with a Snellen equivalent BCVA of 20/40 or better or 20/20 or better at 6 months were 90% and 15%, respectively ( Table 2) . Baseline BCVA (ETDRS letters) (P=0.00342) and number of IVR (P=0.0195) were the positive predictors for BCVA (ETDRS letters) at month 6 (Table 3) .
Concomitant with the improvement in the BCVA, the CRT decreased significantly after the IVR injection ( Figure 2A ). This significant improvement was observed even at month 1 and kept on through month 6 (Figure 2A and B). The mean CRT reduction at month 6 compared with baseline was 44.0%±16.8%.
Mean number of iVr injections
The mean number of IVR injections was 4.05±1.05 (Table 4) . Eight eyes required three injections, five eyes four injections, five eyes five injections, and two eyes six injections (Table 4) . No eyes received only one or two injections.
residual Me
The percentages of patients with a CRT of 250 microns or more and 300 microns or more were 50% and 15%, respectively (Table 4 ). In three (15%) eyes, the ME resolved completely at month 6 ( Table 4 ). The other 17 (85%) eyes received additional IVR injections according to the retreatment regimen in this study. No predictive factors for residual ME were identified (Table 5) .
Microaneurysm formation
In seven (35%) eyes, microaneurysms were seen on the FA images at month 6 ( Table 4) . Six of the seven eyes had leaky microaneurysms, which resulted in ME around the microaneurysms. Laser to treat the leaky microaneurysms was not applied through month 6. Representative images with and without microaneurysms at month 6 are shown in Figure 3 . The time of the initial therapy from disease onset was predictive of microaneurysm formation (P=0.0367; Table 6 ). No serious ocular or nonocular adverse events associated with IVR injections developed in any patients through month 6.
Discussion
In the current prospective study, we evaluated the 6-month results of ranibizumab for ME associated with BRVO. The characteristic features of this study were that patients with relatively good baseline BCVA were included; the duration between disease onset and initial therapy was relatively short; the treatment regimen was one plus PRN; retreatment criteria were strict to keep dry macula; and not only the primary efficacy outcome (mean change from the baseline BCVA at month 6) but also the secondary outcomes including other parameters of visual function, mean changes in the CRT from baseline, residual ME, and microaneurysm formation were assessed. Importantly, the current study found that the ETDRS letter score at month 6 was 78.3 letters, which was relatively better than those of previous prospective studies: 71.3 letters in the BRAVO trial 5 and 74.3 in the BRIGHTER study, 9 although the inclusion criteria and treatment regimens of those studies differed from those of the current study. Further, a benefit of the treatment in the current study was the high percentage of patients who had good Snellen equivalent BCVA at month 6. The percentages of patients who had Snellen BCVA of 20/40 or better and 20/20 or better were 90% and 15%, respectively, which were comparable or better than the respective 64.8% and 19.8% in the BRAVO trial. The mean baseline ETDRS letter scores were 63.1, 53.0, and 59.5 letters in the current study, BRAVO trial, and BRIGHTER study, 
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six-month results of ranibizumab for BrVO in a prospective study included in the current study, the mean baseline BCVA was naturally better than the other studies. However, it is possibly effective in order to obtain good visual outcomes in the treatment for BRVO before the damage reaches the irreversible stage. It is true that a small percentage of cases with BRVO resolve spontaneously without treatment. Therefore, some physicians might hesitate to start treating ME associated with BRVO if the BCVA is relatively maintained. However, it is impossible to know in which cases ME associated with BRVO will resolve spontaneously. Moreover, Rogers et al 11 reported that a clinically significant improvement higher than 20/40 in Snellen BCVA was uncommon without intervention in eyes with BRVO. Thus, longer observations in such cases might sometimes cause the failure of treatment. Previous reports 6, 7 have found that early treatment with another anti-VEGF agent (bevacizumab) was effective for achieving functional and visual improvements in BRVO.
We can see the same tendency in the 24-month BRIGHTER trial. 12 In fact, much earlier administration of IVR (1.8 months) in the current study than at 3.3 months in the BRAVO trial and 10.3 months in the BRIGHTER study resulted in better visual prognoses at month 6, although the duration between symptoms and initial therapy was not a predictive factor for BCVA at month 6 (P=0.0793; Table 3 ).
In the current study, strict retreatment criteria were adopted; that is, visual loss of five or more ETDRS letters compared with the previous visit, 250 microns or more of CRT on OCT images, or evidence on an OCT color map of residual or recurrent ME including parafoveal lesions. Baseline BCVA and number of IVR were identified as positive predictors for better BCVA at month 6 (Table 3) . Several previous reports 8, 13, 14 showed that a better baseline BCVA was associated with a better visual outcome, which was consistent with the current result. It is interesting that more frequent IVR was associated with a better visual outcome in the current study. However, these were just 6-month results and, therefore, we have to undergo long-term studies to determine the effectiveness for better visual outcomes. Another important finding in the current study was that the mean CRT decreased significantly at month 6, and the reduction from baseline was 230 microns (44% reduction from baseline). However, the efficacy of the CRT reduction was inferior to that in the BRAVO trial (345 microns, 62.6%) and comparable to that in the BRIGHTER study (217 microns, 42.0%). This difference was evident because the baseline CRTs differed as following: 500 microns in the current study, 552 microns in the BRAVO trial, and 530 microns in the BRIGHTER study. In the BRAVO trial, the mean CRT at month 6 was 207 microns, which was thinner than the 270 microns in the current study, whereas the BCVA (ETDRS letters) at month 6 in the BRAVO trial was lower than in the current study. Considering the results, the other factors might be related to the BCVA at month 6. One possible factor, retinal damage, that is, photoreceptor apoptosis, was considered to be related to prolonged ME because of delayed administration of anti-VEGF agents.
Our third important finding was related to microaneurysm formation. We previously reported 10 in a retrospective study that microaneurysms caused refractory ME in BRVO and early administration of ranibizumab suppressed microaneurysm formation, leading to less refractory ME. In the current prospective study, microaneurysm formation was evaluated with FA images at month 6. We found that a longer duration between disease onset and initial therapy was associated with microaneurysm formation, which is consistent with our previous reports. Therefore, the microaneurysms that were already formed in the patients in the current study might cause refractory ME in the future. Because the current study was designed with a 24-month observation period, only a continued follow-up of the patients might help to identify a relationship between microaneurysm formation and refractory ME.
The mean number of IVR injections in the current study was relatively less (4.1) compared with that in the BRAVO trial (5.7) and BRIGHTER study (4.8) , because in the BRAVO trial, injections were administered monthly through month 6 and in the BRIGHTER study, the three plus PRN regimen was followed. The current study used the one plus PRN regimen to reduce the number of injections and the goal was achieved, but the mean number of IVR injections in the prospective study conducted by Miwa et al, 10 in which the one plus PRN regimen was used, was 3.8 through 12 months, which suggested that excessive injections were administered in the current study. However, a comparison of the effectiveness in the visual outcomes based on the number of injections was impossible because the retreatment regimen also differed. Some patients in the current study received additional IVR injections because the CRT was 250 microns or more despite a dry macula, which might result in the need for more IVR injections. Consideration should be given to modifying the treatment regimen, such as no retreatment for patients with a dry macula on OCT even if the CRT exceeds 250 microns.
Although the current study showed that an earlier administration of ranibizumab with the one plus PRN regimen provided benefits to the physicians and the patients with ME after BRVO, some questions still remain. The appropriate treatment regimen should be determined in order to achieve more efficacious outcomes in BCVA with fewer injections and the fewer patient visits. Currently, anti-VEGF therapy is the first-line therapy for ME in BRVO; however, the following need to be determined: the duration of the anti-VEGF therapy, an alternative therapy for persistent ME, and when the treatment should be switched.
Limitations
The current study had several limitations. The sample size was small, only one center was involved, and the study design was not randomized. A continued follow-up with more patients is needed to confirm the current results and provide more benefits and lessen the treatment burden for patients with ME associated with BRVO. 
